To assess whether talking or reading (silently or aloud) could affect heart rate variability (HRV) and to what extent these changes require a simultaneous recording of respiratory activity to be correctly interpreted.
OBJECTIVES
To assess whether talking or reading (silently or aloud) could affect heart rate variability (HRV) and to what extent these changes require a simultaneous recording of respiratory activity to be correctly interpreted.
BACKGROUND Sympathetic predominance in the power spectrum obtained from short-and long-term HRV recordings predicts a poor prognosis in a number of cardiac diseases. Heart rate variability is often recorded without measuring respiration; slow breaths might artefactually increase low frequency power in RR interval (RR) and falsely mimic sympathetic activation.
METHODS
In 12 healthy volunteers we evaluated the effect of free talking and reading, silently and aloud, on respiration, RR and blood pressure (BP). We also compared spontaneous breathing to controlled breathing and mental arithmetic, silent or aloud. The power in the so called low-(LF) and high-frequency (HF) bands in RR and BP was obtained from autoregressive power spectrum analysis.
RESULTS
Compared with spontaneous breathing, reading silently increased the speed of breathing (p Ͻ 0.05), decreased mean RR and RR variability and increased BP. Reading aloud, free talking and mental arithmetic aloud shifted the respiratory frequency into the LF band, thus increasing LF% and decreasing HF% to a similar degree in both RR and respiration, with decrease in mean RR but with minor differences in crude RR variability. Heart rate variability (HRV) is of increasing interest to clinicians after the demonstration that low variability is associated with a poor long-term prognosis after myocardial infarction or heart failure (1,2). Furthermore, this prognostic information is in some cases additive to the usual obvious clinical predictors such as left ventricular ejection fraction. A recent report, mostly based on the analysis of HRV from Holter recordings suggested practical guidelines on how to carry out satisfactory HRV measurements (3) . However, under the conditions typically found in Holter recordings (i.e., subjects free to engage in normal activities), HRV can be influenced by other nonpathological conditions such as activity (4) or different patterns of breathing (5, 6) . Despite this evidence that slow breaths can generate slow fluctuations that can be confused with those related to sympathetic activity, respiration is generally not measured in Holter studies of long-term HRV. To our knowledge there have been no studies comprehensively comparing the effects of controlled breathing (i.e., pure changes in respiration) or of mental arithmetic (i.e., pure change in arousal) on HRV or of the different types of verbal activities with slow respiratory rates (simple free talking, reading aloud and mental arithmetic aloud) or of comparison with similar activities performed silently (spontaneous breathing, controlled breathing, reading silently and silent mental arithmetic), despite the obvious fact that these are common activities that clearly alter breathing patterns and arousal. We, therefore, investigated whether talking or reading (silently or aloud) could in themselves lead to effects on HRV and to what extent this mental activity could change the power spectrum and mimic sympathetic activation. We measured HRV, respiration and blood pressure (BP) in a group of healthy subjects during controlled breathing (i.e., absence of verbal respiratory changes and stressful mental activity), reading aloud, reading silently and mental arithmetic (multiple subtractions performed either silently or aloud), in order to ascertain the interaction between changes in respiratory pattern, mental arousal, verbalization and HRV. We studied controlled breathing in order to eliminate the possibility that occasional slower or faster breaths could superimpose on the heart rate spectra at the frequencies of these irregular breaths. Since reading aloud would clearly impose a different respiratory pattern than normal breathing, we compared this with reading silently. Since reading might be regarded as a mild arousal, and since arousal is known to depress the gain of the baroreflex control of the sinus node (7), we also studied the effect of definite stress by performing mental arithmetic both silently and aloud.
CONCLUSIONS

METHODS
The study was performed in 12 normotensive male volunteers (average age 29 Ϯ 1 years, mean Ϯ SEM). None of the subjects was taking medication. The subjects gave written informed consent and the study protocol was approved by the Ethics Committee of the University of Pavia, Italy.
Experimental procedure. All the tests were carried out supine. After 20 to 30 min, rest and familiarization with the laboratory, recordings were made in random order during: a) spontaneous breathing (4 min); b) reading a text silently (the material was unfamiliar to the subjects and "neutral"; the text was held in front of the subject) (3 min); c) reading the same text aloud (3 min); d) normal talking (the subject reporting his usual daily activities, 3 min); e) mental stress without talking: the subject was repeatedly subtracting 7 from nonrecurring figures under time pressure while writing the results on a blackboard held in front of the subject (3 min); f) the same tests aloud (3 min). Finally, at the end of the protocol the following recordings were obtained: 1) controlled breathing at 0.25 Hz (i.e., 15 breaths/min for 3 min); 2) controlled breathing at a respiratory frequency similar to that occurring spontaneously during silent reading (b) with spontaneous breathing (for 3 min). These recordings were performed last, in order not to influence the subject's breathing pattern during the other interventions (controlled breathing) and in order to have an estimate of the frequency of breathing during silent reading. (9) . Because the goal of the study was to study the relationship between breathing pattern and verbal or mental activities, we only measured relative changes in minute ventilation and did not attempt to calibrate the pneumogram in absolute units.
Data analysis.
We applied power spectral analysis to RR and respiration using an autoregressive model (10) . Unlike other methods of computing the power spectrum (as for example, the fast Fourier transform), the autoregressive method has the advantage of giving reliable estimates of the power associated with the peaks at various frequencies using a relatively small amount of data. In addition, it is able to identify the frequency of each significant peak (10) . Spectral components were obtained by a decomposition method to measure the area below each spectral peak (10) . The respiration-related oscillations of the RR were identified by comparison with the oscillations of the respiratory spectrum. Spectral analysis of the RR showed two main components: a frequency component between 0.03 to 0.14 Hz (low-frequency peak [LF] ) and a second component of RR at a higher frequency (over 0.15 Hz, high-frequency [HF]). In general, the low-frequency component has been thought to reflect mainly the sympathetic nervous activity both at the cardiac (with vagal influences) and vascular level (3, 11) , while the HF, respiratory component reflects vagal activity on the heart together with nonneural changes, which follow inspiration induced increases in venous return (5, 8) . However, since a variable respiratory pattern was the focus of this study, no assumption a priori was made about the significance of the LF component in the RR; rather we analyzed the dependence of LF on breathing during the various interventions.
Statistics. Values are presented as mean Ϯ standard error of the mean (SEM). Due to their skewed distribution, the power in the LF and HF bands were analyzed statistically only after natural logarithmic transformation. In addition the relative (percent) proportion of LF and HF components in the RR and respiration were expressed as percentages of the power comprised between 0.03 and 0.40 Hz (normalized units, nu). Statistical analysis was performed using repeated measures-analysis of variance for repeated measures on two factors, to establish the relative contribution of 
RESULTS
Complete results are shown in Tables 1 (RR) and 2 (BP). Figure 1 illustrates the respiratory changes that occurred in the different protocol conditions.
Effect of controlled versus free breathing. RR interval.
Controlled breathing at either 15 breaths per min or at a frequency similar to that of silent reading (i.e., ϳ18 breaths per min) did not change RR mean value and variability and increased the power of the respiratory fluctuations (in relative percentage terms). The power in the LF band was not significantly reduced during controlled breathing.
Respiration. Compared with spontaneous breathing, controlled breathing increased ventilation by 131.9 Ϯ 36.5% (15 breaths per min, p Ͻ 0.01) and by 192.2 Ϯ 46.9% (ϳ18 breaths per min); the power in the HF band of respiration increased significantly during the slower, but not during the faster, controlled breathing, whereas the respiratory frequency increased only during the faster controlled breathing. Therefore, the increase in ventilation observed during controlled breathing was mainly due to an increase in tidal volume during slower controlled breathing and mainly to an increase in breathing frequency during faster controlled breathing.
Blood pressure. No changes in BP were observed during controlled breathing.
Overall these results indicate that controlled breathing increases the HF mainly because of an increase in ventilation; the lack of increase in mean RR suggests that controlled breathing at these frequencies might not increase vagal activity.
Effect of free talking, reading aloud versus silent reading and versus baseline control (spontaneous breathing). RR interval.
Compared with spontaneous breathing, both reading (silently and aloud) and free talking decreased RR (aloud more than silently), whereas the RR variability decreased only during reading silently, but tended to increase during free talking (although it did not reach statistical significance). Also the power in the LF band tended to increase during all conditions associated with verbalization (reading aloud and free talking) although it increased significantly only during the latter ( Table 1 ). The power in the HF component decreased only during reading silently. In relative terms, we have observed a tendency toward an increase in LF nu during all conditions, although a significant increase occurred only during free talking compared with quiet spontaneous breathing (Fig. 2) . When we compared reading silently with no reading but at a similar respiratory rate (faster controlled breathing ϳ18 breaths per min), we observed during silent reading a reduced RR Table 1 . 1464 Respiration. Compared with spontaneous breathing, reading silently significantly increased the mean respiratory frequency (Fig. 1) ; conversely, the main respiratory frequency decreased significantly and substantially during both conditions associated with speech (reading aloud and free talking) to values that fell into the LF band of RR (around 0.07 Hz, Fig. 1 ). This determined a large shift of relative power to the HF band of the respiratory spectrum during reading silently and a large shift of power into the LF band of the respiratory spectrum during conditions associated with speech, both in absolute and relative terms ( Fig. 1 and  3) . Compared with spontaneous breathing, reading silently increased minute ventilation, whereas reading aloud decreased minute ventilation (Fig. 1) .
Blood pressure. Compared with spontaneous breathing, both systolic and diastolic BP increased during all these mental activities (reading aloud or silently or free talking) although the extent of the increase was only moderate (and did not reach significance for the diastolic BP) during reading silently (Table 2) .
Overall, these results indicate that these three conditions (free talking, reading aloud and silent reading) determined a minor, though clear, increase in sympathetic activity, as evidenced by changes in RR and BP. The change in the respiratory rate caused by verbalization also had a markedly different effect on global RR variability during the same type of task so that there was a large decrease in breathing frequency, which was displaced into the LF band. This clearly had the effect of artificially increasing the LF components of the RR spectrum, whether or not there was other evidence of sympathetic activation. When speech slowed the breathing rate (into the LF band), the crude RR variability (standard deviation) increased, whereas during silent reading the respiratory rate increased, and the RR variability decreased.
Effect of mental arithmetic, silent versus aloud, versus spontaneous breathing and versus reading silently versus reading aloud. RR interval.
Compared with spontaneous breathing or reading, arithmetic stress markedly decreased RR and the relative proportion of HF, while it increased the relative proportion of LF. The power of HF also decreased in relative terms with respect to controlled breathing (mild mental stress) and also in absolute terms compared with spontaneous breathing. As with reading aloud and free talking, the RR variability increased compared with spontaneous breathing when speech was present (and breathing was slower, see below), whereas it tended to decrease when speech was absent (and breathing rate was faster).
Respiration. During both conditions of arithmetic mental stress, silent or aloud, minute ventilation appeared slightly, but not significantly, reduced compared with spontaneous Table 1 .
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Speech, Mental Stress and Autonomic Measures breathing (Fig. 1) . The frequency of breathing decreased during mental stress with respect to spontaneous breathing, and fell into the LF band. This had the effect of increasing the LF in the respiratory spectrum in both absolute and relative terms and decreasing the HF in relative terms ( Fig.  1 and 3 ).
Blood pressure. Both systolic and diastolic BP increased significantly with arithmetic mental stress, silent or aloud.
Overall, these results indicated a greater degree of sympathetic activation associated with the two types of arithmetic mental stress. It is of interest that the results obtained were rather similar to each other, regardless of speech, due 
to a similar increase in sympathetic arousal, also with a shift of the respiratory rate into the LF band of RR.
DISCUSSION
This study clearly shows that during activities such as reading or mental arithmetic, either aloud or silently, the respiratory changes produced by speech markedly alter the variability and the spectral content of the RR, as a result of the change in respiratory pattern necessarily imposed by speech.
Controlled versus free breathing. The change from spontaneous to controlled breathing at rest produces little hemodynamic change. Despite the expected marked increase in HF in the controlled-breathing respiratory spectrum, there is only a modest increase in HF in the RR spectrum. This discrepancy together with the slight decrease in RR might infer less increase in vagal tone or even a modest sympathetic activation, possibly due, in our subjects, to the task of correctly controlling the breathing.
The effect of silent reading on HRV and sympathovagal balance. Compared with spontaneous breathing, reading silently increased respiratory rate and increased ventilation without changes in respiratory power, hence, with little or no change in tidal volume. RR decreased significantly during silent reading, together with an increase in RR-LF and a decrease in HF (nu). So despite similar dominance of respiratory HF, the RR spectrum in silent reading showed more LF than during controlled (or spontaneous) breathing, suggesting a higher degree of sympathetic activation. Due to the higher speed of breathing, silent reading did not cause respiratory interference in the LF band of the RR.
Comparison of reading aloud versus silent reading and free talking. Reading aloud caused a slowing in respiratory rate and a relative reduction in ventilation, with a concomitant increase in respiratory LF. However, the RR spectrum changed very little with respect to silent reading, still showing dominance of LF. It, thus, appears that the respiratory component of RR did not parallel the increased HF of respiration, most likely due to the effect of the increased sympathetic activity, which increased the LF under both conditions of reading.
Free talking had similar effects to reading aloud, namely a slowing in respiratory rate and a relative reduction in ventilation (12) , with a concomitant increase in respiratory LF; RR was also decreased. Nevertheless, as in other conditions associated with slow breathing evaluated in this study, the RR variability was not reduced and actually showed a trend toward an increase (though without reaching statistical significance). This again confirmed previous observations (4) that RR variability is not simply a marker of vagal activity but depends on a complex interaction between vagal and sympathetic activity and respiration.
These results also show that both respiration and sympathetic activity are capable of profoundly affecting the LF (and the HF) components of RR variability. When sympathetic activity predominates, as in conditions associated with high degrees of stress, the LF of RR predominate regardless of the changes in respiration. In the absence of stress, respiration alone is capable of completely altering the RR spectrum by increasing the LF component, i.e., during slow breathing (5, 6) . In conditions such as reading aloud or free talking, a variable degree of sympathetic activation often interacts with the concomitant effect of slowing of breathing, creating a predominance in the LF component, which is probably partly explained by the increased sympathetic activity and partly by the slowed respiration.
Mental arithmetic, silent versus aloud. As expected, the stress of hurried mental arithmetic produced the greatest dominance of LF in the RR spectrum, compared with the Figure 3 . Power spectra of RR interval (RR) and respiration obtained in one subject during spontaneous breathing, free talking and mental stress aloud and silently. During free talking and mental stress aloud, the frequency of breathing decreases, but during mental stress aloud this fact cannot be totally responsible for the increase in the low frequency components in RR because of the evident decrease in respiratory power (i.e., decrease in tidal volume) and the lack of exact coincidence between the low frequency peaks in respiration and RR. Conversely, the increase in the low frequency components in RR during free talking can be explained, to a great extent, by the slowing of respiratory frequency (no decrease in respiratory power and tidal volume). a.u. ϭ arbitrary units; ms ϭ milliseconds.
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Speech, Mental Stress and Autonomic Measures other activities; this could also be inferred by the increase in BP and by the decrease in mean RR. Figure 2 shows, at first somewhat surprisingly, that free talking produced the highest percentage of LF. This may be explained by the effect of the slower respiratory patterns on HRV. In fact, although there is no doubt that mental arithmetic was more stressful than simple free talking, both free talking and mental arithmetic aloud reduced breathing rates to frequencies in the range of LF. As such the RR spectrum showed in both cases a predominance in LF. The RR decreased much more during mental arithmetic than with free talking, clearly marking the different levels of sympathetic activation between the two conditions. Thus, it happens that the balance between LF and HF is a composite of sympathetic nervous increase with stress (particularly during silent stress) modified by additional LF added by slower breathing rates (as in free talking). This pattern is similar to that seen during reading aloud versus silent reading.
Study limitations.
In this study the need to quantify respiration conflicted with the other need to obtain spontaneous conditions during the various conditions tested and, particularly, with the need to study the effects of speech. Therefore, we could not use a facial mask to quantify ventilation and respiratory gases precisely but had to rely upon an indirect measure of respiration. Inductive belt plethysmography bears a good relationship to changes in lung volume and could be precalibrated against a pneumotachograph. Nevertheless, particularly during talking, the estimates of ventilation are to be considered as only approximate. The results of this study should be applied cautiously to cardiac patients, who are older than the patients studied here, have diseased hearts and possibly concomitant diseases and are on medication. It might be that the effects of the interventions used in this study may differ somewhat between normal subjects and patients.
Conclusions. In conclusion we have found a complex interplay between mental activities with and without speech and various degrees of stress, and the respiratory pattern. These factors in turn alter HRV in two directions: a) mental activity appears invariably associated with some degree of sympathetic activation, whose degree likely depends upon the amount of stress involved in performing the mental task. The purpose of this study was not to measure the level of stress, so we limited our recordings to simple but different conditions: controlled breathing, reading a "neutral" text or performing mental arithmetic. In agreement with previous reports (13-16) we have found that these maneuvers caused different levels of sympathetic activation, as could be seen by the increase in heart rate (decrease in RR), increase in BP and decrease in HRV (standard deviation of RR). This, however, was clearly evident only for those conditions in which interference with the breathing pattern could be excluded. b) The slowing of breathing observed with mental stress had the invariable effect of generating an increase in LF components in the RR power spectrum, regardless of the amount of stress involved in the mental task performed. This was clearly evident by the similarity in RR spectra seen during simple free talking, reading aloud and mental arithmetic, all showing a marked predominance in LF, despite obvious differences in mean heart rate. The slowing of breathing per se thus generated a confounding effect on the RR spectrum, by bringing respiratory sinus arrhythmia (a predominantly vagal effect) into the nonrespiratory LF, thought (simplistically) to reflect sympathetic activity.
These results have practical relevance in the analysis and interpretation of Holter electrocardiograms using HRV techniques. Respiration is not normally measured or analyzed, nor is account taken of such minimal activities (as talking, reading or mental tasks), which we show can perturb the RR spectra to a large extent. One should, therefore, be cautious in the interpretation of short sequences of data (in the range of 4 to 10 min) and not uncritically attribute an increase in LF to sympathetic activation, as this increase might simply be the effect of speech-induced slower breathing. Alternatively, the normal sympathetic activation seen during mental tasks might be masked or accentuated by addition of frequencies generated by unequal or slow respiratory patterns. Thus, in the absence of simultaneous analysis of respiration, the changes in LF/HF ratio should not be taken as clear evidence of changes in autonomic tone.
